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{571 ABSTRACT

. A method of producing carbon black including the

steps of burning hydrocarbon fuel, introducing a hydro-
carbon feedstock into the combustion gases, quenching
the carbon black and gases formed, pelletizing the car-
bon black with water, drying the pellets with a purge
gas and injecting a controlled amount of an oxidant gas
into the substantially dry pellets to reduce their modu-
lus-producing properties without reducing their abra-
sive resistance producing properties and the apparatus
therefore.

6 Claims, 2 Drawing Figures
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1
METHOD OF PRODUCING CARBON BLACK

BACKGROUND OF THE INVENTION

This invention relates to the production of carbon
black which is pelletized with water and dried before
use. A specific aspect of this invention is the improved
contral of the properties of carbon black which impart
stiffness to a rubber compound in which it is used, with-
out the concomitant reduction of the abrasion resistance
of the compound.

Rubber is commonly compounded with a quantity of
a grade of carbon black as a reinforcing agent. For
many uses, the strength or abrasion resistance of the
compound, or both, would be inadequate without the
carbon black. Carbon black imparts to the compound
tensile strength, stiffness, abrasion resistance, and im-
proved extrudability of the uncured material, each to a
degree depending upon the properties of the carbon
black used.

Stiffness of rubber compounds is commonly mea-
sured as the force per unit area of cross section of a
compound specimen, prepared under standard condi-
tions, which elongates the specimen by 300% of its
original length. This force is designated “300% modu-
lus” in the trade.

While carbon black of one kind or another has been
produced since ancient times, most present production
of carbon black is carried out in what has come to be
known as the furnace processes. In this process a stream
of hot gases is generated, usually by burning a hydro-
carbon fuel, and a feedstock hydrocarbon is injected
into the hot stream of combustion gases, to be con-
verted into a carbon black and product gases. Many
variants of the generalized apparatus are known and
used commercially, one example of which is disclosed
in U.S. Pat. No. 4,106,912,

A large percentage of the carbon black produced by
the furnace processes is used to reinforce polymers,
particularly rubber used in the manufacture of automo-
tive tires. There are two chief classes of carbon blacks
used in making tires, the so-called “sofi” blacks used in
carcasses of tires where abrasion resistance is not maxi-
mized, and the “tread” blacks used in the treads, where
maximum abrasion resistance is required, consistent
with processability of the stock, acceptable levels of
stiffnes or modulus, and extrudability.

Two conspicuous properties of furnace carbon blacks
are “‘surface area” and “structure”. Surface area may be
measured by adsorptive tests, such as the iodine adsorp-
tion test, published by the American Society for Testing
and Materials (ASTM) as Method D1510-76. Some
estimate of the relative surface area may be obtained by
the tint test, in which the ability of the tested black to
cover a white pigment is compared to that of a standard
carbon black. Such a test is published by the ASTM, as
Method D3265-76a. The structure of carbon black re-
fers to its habit of forming, to varying degrees, chains or
clumps, which, when viewed in an electron micro-
scope, appear as more or less spheroidal particles fused
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together. Some structure may appear as fragments of

chains of beads grown together; others may suggest
clusters of imperfect spheres fused together at the
edges. The degree of structure is measured in the indus-
try by the torque on a blade stirring a carbon black
while dibutyl phthalate is added, in a standard mixing
chamber. The more dibutyl phthalate required to attain
a predetermined torque, the greater the degree of struc-

65

2
ture of the carbon black is deemed to be. This test is
published by ASTM as Method D2414-76.

Over a broad spectrum of types of carbon black, the
reinforcement of rubber compounds by carbon black
increases with its surface area. The abrasion resistance
of a compound is thus enhanced in a general way by
increased surface area, and to a degree by higher levels
of structure. The abrasion resistance imparted to a rub-
ber compound by carbon black at fixed levels of both
surface area and structure will vary depending upon the
conditions of manufacture of the carbon.

When a tread rubber compound is extruded in the
shape suitable for curing in place on the carcass of a tire,
the extruded piece must retain dimensional stability and
an acceptably regular surface during handling and cur-
ing. These properties of the extruded piece depend
largely upon the structure level of the carbon black in
the compound. Structure also has a major influence
upon the modulus of the rubber into which it is com-
pounded; modulus tends to rise rapidly with structure.
It is, therefore, necessary at times to provide a level of
structure for the control of extrusion properties which
may be too high for the level of modulus desired. The
manufacturer of carbon black must then use a process
which will moderate the development of modulus
below the level which would otherwise be attained by
the degree of structure required for optimum extrusion
properties, yet without any deleterious effects on abra-
sion resistance.

SUMMARY

The present invention provides an improved method
and apparatus for producing carbon black in which the
usual furnace is used for burning hydrocarbon fuel,
introducing hydrocarbon feedstock into the combustion
gases to form carbon black quenching the carbon black,
pelletizing the carbon black with water, drying the
pellets in a dryer with purge combustion gases flowing
therethrough and injecting an oxidant gas, such as air,
into the substantially dry pellets in the dryer to reduce
their modulus producing properties without reducing
their abrasive resistant properties when added to rubber
compounds.

An object of this invention is to provide an improved
carbon black process and apparatus having means for
the lowering of the modulus of rubber compounds con-
taining carbon black without lowering the structure
thereof.

Another object of this invention is to provide such
means which may be used when required for lowering
the modulus producing properties of a carbon black,
and removed from service when not required without
interrupting the manufacturing process.

Still another object of the invention is to lower the
modulus producing properties of carbon black without
lowering its ability to impart abrasion esistance to a
rubber compound.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the pres-
ent invention are hereinafter set forth and explained
with reference to the drawings wherein: .

FIG. 1 is a schematic portrayal of a furnace carbon
black apparatus presenting essential features and certain
optional features.

FIG. 2 is a drawing of apparatus, partly in section, for
drying wet carbon black pellets, showing also the pre-
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ferred embodiments for carrying out the process of this
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Carbon black furnace 1, as shown in FIG. 1, has
combustion zone lg, reaction zone 15 and quench zone
1c. These zones are continuous and coaxial as shown.
Hydrocarbon fuel for burning is supplied through fuel
supply pipe 2 and an air for such burning is supplied
through line 6 and is preheated in heat exchange 7 by
heat exchanger with the carbon black and hot gases
leaving furnace 1 through conduit 9. The hydrocarbon
feedstock is introduced into reaction zone 15 through
line 3. In zone 1b, feedstock hydrocarbon introduced
into the hot gases is decomposed into carbon black and
product gases which mingle with the combustion gases
to carry the suspended carbon black to the quench zone
1c, at a temperature generally well above 2000° F.

Control of feedstock quality and quantity and its
manner of introduction, control of the combustion, and
of the conditions in the reaction zone determine the
structure and surface area of the carbon black. Certain
other qualities of carbon black which have a substantial
influence on the properties of the rubber compounds
into which it is incorporated are determined by the
manner of quenching. It is possible to introduce enough
quenching water through first quench pipe 4, generally
through a plurality of nozzles (not shown) to decrease
the temperature to a level permitting its entry to collec-
tion chamber 11 without damage to that apparatus from
excessive temperature. There are several reasons, how-
ever, for using a multiple quench. Injecting too much
water at a given point may cause unevaporated drops to
carry over to downstream equipment. Injecting water
at two points, as through water supply pipe 4 and water
supply pipe 5, permits a lowered temperature between
the two points of quench, but one still high enough to
aid materially in removing excess residual oily matter
from the carbon black. If the total quantity of water
injected through pipes 4 and 5 is such as to permit a
temperature of about 1000° F. to about 1700° F. enter-
ing the heat exchanger 7 through conduit 9 an economic
heat recovery may be obtained in heat exchanger 7. In
order to insure that material at excessive temperature
does not enter the collection system 11 thereby causing
damage, a last quench may be injected via pipe 8 down-
stream of the heat exchanger 7.

The distribution of quench rate between the first and
subsequent quenches affects the modulus and the abra-
sion resistance imparted to rubber compounds by the
carbon black. Decreasing the initial quench and thus
affording a higher temperature for the residence time to
the second quench, may be used to reduce the modulus-
producing property of the carbon black significantly.
Insufficient initial quenching results in lowered abrasion
resistance imparted to the rubber compound by a car-
bon black so produced. The amount of quenching used
to preserve abrasion resistance is well-known, for a
given grade of tread grade carbon black, by the practi-
tioners of the art. It is desired to provide means for
lowering the modulus-producing property of carbon
black at a given structure level, by means other than the
reduction of the initial quench, so as-not to decrease
abrasion resistance in the rubber. As hereinafter set
forth, this result is provided by the improved method
and apparatus of the present invention.
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"The off gases entraining the carbon black pass
through pipe 10 to collection chamber 11 where a loose,
fluffy powder of carbon is separated from the off gases,
which are discharged through pipe 12, the carbon being
conveyed via line 16 to pelletizing apparatus 14. Water,
which enters the pelletizer 14 from supply pipe 15, is
mixed with the fluffy carbon black to produce wet
pellets which are conveyed by conveyor 17 to dryer 18.
Wet pelletizing of carbon black is-old art and is dis-
closed in many patents, such as U.S. Pat. No. 2,861,294.
After drying, the pellets are discharged by means of
conveyor 20 to storage 21. The dryer is preferably a
rotating drum externally fired, with provision for con-
trolling the temperature of the carbon black at various
positions in the dryer. :

The drying of carbon black pellets must be done with
great care. Overheating or undue exposure to oxidizing
conditions at dryer temperature reduce not only the
modulus-producing properties of the carbon black but
also reduce its ability to impart abrasion resistance to a
rubber compound. Sciiemes for controlling dryer tem-
perature are many, see for example U.S. Pat. No.
3,013,785. This patent teaches flowing a portion of the
combustion gases from the fires which heat the drum
into the discharge end of the dryer and through the
dryer countercurrent to the flow of pellets and to be
discharged from the feed end of the dryer to purge
water vapor therefrom. By contrast, U.S. Pat. No.
3,350,790 teaches the use of combustion gases for purg-
ing by flowing such gases cocurrent with the pellets. In
both cocurrent and countercurrent flow of combustion
gases as purge for the dryer drum, there is considerable
protection against excessive and deleterious oxidation
of the dried or nearly dried pellets approaching the
discharge end thereof because the combustion gases
have a low oxygen content. However, in cocurrent
flow of the purge gases, the volume of water vapor
evaporated from the pellets further dilutes any oxygen
flowing over the dried or nearly dried pellets near and
at the discharge end of the dryer drum. The mixture of
purge gases with pellets is extremely limited. Under
these circumstances, the present invention proposes to
introduce a small controlled flow of air or other oxidant
gas below the surface of the bed of pellets at locations
where the pellets are substantially dried. This gas is
substantially the only oxidant in contact with the pellets
at dryer temperature and remains in contact during a
controlled contact time. This contact time is greater as
the injection is optionally moved upstream in the bed.

There is no general agreement among those skilled in
the carbon black art as to the exact nature of the rela-
tively low temperature reactions of carbon black with
oxygen. There has existed a general tacit presumption
that the effects of such reactions are negative and to be
avoided. It is known that both modulus reduction and
reduction in abrasion resistance can occur. Surprisingly,
in the present invention, it has been discovered that to
an eminently useful degree, these two effects may be
separated. It has been discovered that a degree of reac-
tion between carbon black in a dryer and controlled
quantities of oxidant gas may cause a lowering of modu-
lus sufficient to provide a quality control means, with-
out adversely affecting abrasion resistance.

The pellet dryer 18 as shown in FIG. 2 includes the
rotating drum 55, a substantial portion of which is sur-
rounded and heated by firebox or furnace housing 60.
Fuel to heat firebox 60 is supplied to the burners 75
through fuel supply pipe 7€. The hot gases are ex-
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hausted through stack 100. Wet pellets are delivered
into drum 55 through inlet duct 50 which extends
through feed end cowl! 110. The pellets form a layer 80
in the lower portion of drum 55 and are discharged over
dam 115 into discharge end cowl 85. The dried pellets
are discharged from cowl 85 through outlet 120.

Purge gas is provided by transfer pipe 105 connecting
to stack 100 so that combustion gases are drawn there-
from into the inlet cowl 110. These purge gases are

drawn through drum 55 and through line 90 by suction-

fan 95. In such instance, the purge gases flow cocurrent
with the movement of the pellets. Non-oxidant gases
may be provided from any other suitable source such as
the combustion gases from the reaction vessel.

In order to modify the modulus-producing properties
of the carbon black an oxidant gas, such as air, is deliv-
ered through line 125 under control of controller 135 to
the nozzles 130 which are positioned near'the dam 115
s0'that air is introduced only into contact with pellets
that are dry or substantially dry. Also, the supply of air
through line 125'may be shut off to allow the dryer 18
to be operated without the modulus reducmg means
when it is not needed.

In the practice of this invertion, the quantlty of oxi-
dant gas introduced through supply pipe 125 is carefully
controlled. The greater the surface area of a tread grade
carbon black, other things being equal, the more sensi-
tive the surface of the carbon black is to possible damag-
* ing effects of excessive treatment. Blacks with an oily
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carbon black, with plus values if the tested compound is
higher in modulus than the reference compound and
minus values if it is lower.

In the practice of this invention, it has been found that
a carbon black of ASTM Grade N-220 manufactured on
apparatus essentially like that disclosed in U.S. Pat. No.
4,106,912, with a volume ratio of combustion air to fuel
gas of 15.0, the fuel gas being of 1000 Btu/ft3 heat con-
tent and a ratio of 750 scf of combustion air per gallon
of feedstock oil, a ratio of '1.05 scf air introduced into
the dryer per pound of carbon black dried was effective
in reducing modulus without lowering abrasion resis-
tance. Table I gives the results of testing modulus and
abrasion resistance of the product made before injection
of controlled air into the dryer; Table II shows the
results of testing modulus and abrasion resistance of the
product of the same set of conditions excepting only
that an air mjectlon apparatus according to FIG. 2 car-
ried 1.05 ft3 air into the dryer drum per pound of carbon
black dried in the drum. It is noted that the abrasion
resistance average remained unchanged while the aver-
age 15’ modulus compared to the reference in D3192
decreased from 77 to 20; the average 30° modulus com-
pared to-the reference in D3192 decreased from 67 to
10; the average 35’ modulus compared to the reference
in D3191 decreased from 360 to 190; and the average 50’
modulus compared to the reference in D3191 decreased
from 353 to 287. There is no detectable difference be-
tween the respective surface area and structure levels of

surface ]ayer are relatively less sensitive to such effects. 30 the two sets of samples

TABLE 1
__N-220 CARBON BLACK MADE WITHOUT DRYER PURGE AIR
Sample Number ) 1 2 3 Average
Dibuty! Phthalate absorption, cc/100g - 117 117 116 117
lodine number, mg/g 120 21 120 120
Tint Strength vs. IRB#3 117 118 117 17
300% Modulus vs. IRB#4, 15’ Cure, D3192 +110  +160 - 40 77
300% Modulus vs. IRB#4, 30’ Curc, D3192 + 8 + 30 + 9 67
300% Modulus vs. IRB#4, 35’ Cure, D3191 +350 +380 4350 360
300% Modulus vs. IRB#4, 50°' Cure, D3191 +340 4340 +380 353
Abrasion Index, % of Standard N-220 99 99 100 99
TABLE II
N-220 CARBON BLACK WITH DRYER PURGE AIR
Sample Number 4 5 6 Average
Dibutyl phthalate absorption, cc/100g 116 117 116 116
lodine number, mg/g 121 120, 121 121
Tint Strength, vs. IRB#3 116 116 116 116
300% Modulus vs, IRB#4, 15’ Cure, D3192 + 30 - 10 + 40 20
300% Modulus vs. IRB#4, 30' Cure, D3192 —-20 + 10 + 40 10
300% Modulus vs. IRB#4, 35’ Cure, D3191 +150 4170 +250 190
300% Modulus vs. IRB#4, 50' Cure, D3191 +260 4210 4390 287
Abrasion Index, % of Standard N-220 99 98 99 99

Two well-known and accepted methods for testing
thé modulus of a rubber compound containing a specific
carbon black are published by ASTM as Method D3191
and D3192. It is common practice to compare the mod-
ulus of the test compound by difference from the modu-
lus of a like compound containing a standard reference

In tests of the method of this invention, to lower the
modulus of a black of N-351 grade, the date of Tables
IIl and IV were obtained. The dryer purge air was
injected at a rage of 0.75 cubic feet per pound of carbon
black.

TABLE III

N-351 CARBON BLACK MADE WITHOUT DRYER PURGE AIR
TESTED IN STYRENE-BUTADIENE RUBBER
300% MODULUS, DIFFERENCE FROM STANDARD

Cure | 2

3 4 5 6 7 8 9 Average
25 +4200 4690 +630 +470  +600 +610 +490 +400 +450 +529
S0° 4350 4440 4580 +430 4560 +470 4500 +420 +310 +412
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TABLE IlI-continued

N-351 CARBON BLACK MADE WITHOUT.DRYER PURGE AIR

TESTED IN STYRENE-BUTADIENE RUBBER

300% MODULUS, DIFFERENCE FROM STANDARD

Cure 1 2 3 4 5 6 7 8

9 Average

1000 +390 4520 +530 +380 4496 4400 v+4‘30 +390 4270 +422

TABLE IV ‘ . .
33T CARBON DLACK MADE 075 CUBIC FEET OF 10 bed of pellets, proximate the discharge end of the
DRYER AIR PER POUND OF CARBON BLACK dryer, a controlled quantity of oxidant gas suffi-
300% MODULUS, DIFFERENCE FROM STANDARD cient to lower the mo'dulus-p.roducmg properties of
TESTED IN SBR RUBBER the carbon black but insufficient to reduce its prop-
Aver- erty of imparting abrasion resistance to rubber
Cure 1 2 3 4 5 6 age 15 compounds

25 4220 4310 4360 +440 4340 - +380 4342 2. The method according to claim 1, wherem the

500 4260 4270 +360 4290 +390 4330 +317 oxidant gas injected: into the pellets is air.

1000 4260 4300 +280 360 4390 4280 +312

'3, The process of claim 2, wherein air is injected at a

rate between 0.75 to 1.95 standard cubic feet per pound
In other plant tests, as much as 1.95 cubic feet of 59 of carbon black.

purge air per pound of N-220 carbon black effected the

‘4. In combination with a method of producing carbon

desired modulus change without deleterious effects. black, the method of drying wet carbon black pellets
What is claimed is: including the steps of

1. The method of producing carbon black mcludmg
the steps of 25
burning a hydrocarbon fuel to produce a stream’ of
hot gases at carbon black-forming temperature,
introducing a hydrocarbon feedstock into said hot
gases to produce carbon black and by-product
gases therefrom, 30
quenching the resulting hot gases and carbon black to
a temperature permlttlng collection of the carbon
black,
collecting the carbon black, , .
pelletizing the carbon black with water, . 15
drying the wet carbon black pellets in a heated rotat-
ing drum with combustion gases flowing cocur-
rently with the movement of the pellets through
the drum, and injecting below the surface of the
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drying the wet carbon black pellets in a heated rotat-
ing drum with heated purge gases. flowing cocur-
‘rently therethrough with the pellets, and .

injecting an amount of oxidant gas below the surface
of the bed of pellets at a location in the drum where
the pellets are substantially dried which amount is
sufficient to lower the modulus producing proper-
ties of the carbon black without reducing the abra-
sive resistance of rubber compounds including such
pellets.

5. The method according to claim 4, wherein the

injected oxidant gas is air.

. 6. The method according to claim 5, wherein the rate

of air injected is from 0.75 to 1.95 standard cubic feet
per pound of carbon black.
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